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ABSTRACT 
 
The objectives of this research were to determine whether delaying the feeding of a diet 
with reduced crude protein, supplemented with L-Lysine, for several days post-hatching, would 
result in improved growth performance of broiler chicks and determine an optimal time to feed 
such a diet to the chick. All experiments were conducted in brooder batteries from 0- to 14- or 
18- days (d) post-hatching. Treatments contained a minimum of 6 replicate pens with at least 6 
broilers per pen. Two experiments were conducted to determine whether delaying the feeding of 
a corn-soybean meal (SBM) diet with reduced CP for either the first 5 or 10 days post-hatching 
would result in improved growth performance of broilers. The results of these experiments show 
that even when the diets are not deficient in amino acids (AA), feed efficiency is negatively 
affected by switching birds to a low CP diet several days after post-hatching; effects on daily 
gain are minimal until the diet becomes deficient in AA. Two experiments were conducted to 
determine the optimal time to feed a diet with reduced CP, supplemented with L-Lysine, to the 
chick. The results of these experiments indicate that as long as the diets are not deficient in AA, 
overall growth performance during the starter phase is not negatively affected for broilers 
switched from diets with reduced CP to one with an adequate level, at day 5 or day 10 post-
hatching, or those fed the reduced CP diets continuously. 
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CHAPTER 1 
INTRODUCTION 
 There has been increasing pressure on the poultry industry in recent years to limit the 
amount of nitrogen emissions to the environment. To maximize economic returns with the 
increasing prices of feed ingredients, the most cost effective means to minimize nitrogen 
excreted to the environment by broilers is to feed diets with reduced levels of CP, utilizing 
commercially available AA. 
 However, reductions in the CP content of broiler diets, especially greater than 2%, have 
not always shown growth performance equal to that of a diet with a normal level of CP. Attempts 
to correct this decrease in performance, including the addition of nonessential AA (Si et al., 
2004;  Jiang et al., 2005), adjusting the dietary electrolyte balance (DEB) (Fancher and Jensen, 
1989; Si et al., 2004), adding nonspecific N (Jiang et al., 2005; Pinchasov et al., 1990), and 
addition of essential AA exceeding the NRC (1994) recommendations (Namroud et al., 2008; 
Bregendahl et al., 2002) have often failed to be successful. Yet, Han et al. (1992), Parr and 
Summers (1991), and Edmonds et al. (1985) have shown growth performance equal to a control 
diet when feeding a diet with a substantially reduced CP and supplemental AA when the 
reduction in dietary CP was delayed, feeding a prestarter diet to the broiler chick for the first 
week of life. Therefore, the objective of this research was to determine the optimal time to feed a 
diet with a reduced CP content supplemented with L-Lysine and determine whether delaying the 
feeding of such a diet for several days post-hatching would result in adequate growth 
performance for broiler chicks. 
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CHAPTER 2 
REVIEW OF LITERATURE 
INTRODUCTION 
 Excessive nitrogen emissions from livestock can influence water quality and are seen as a 
possible cause for acid rain. As more than 60% of nitrogen taken in by the animal is excreted 
(Ferket et al., 2002), it is of great interest to the poultry industry to develop a feeding program 
that minimizes nutrient losses from livestock. By adding highly digestible crystalline AA and 
reducing the CP content of the diet, the amount of nitrogen excreted can be reduced (Powers and 
Angel, 2008). Nevertheless, use of the commercially available crystalline AA (DL-Met, L-Lys, 
L-Thr, and L-Thr) and other AA in diets with a reduced CP content have often shown decreased 
gain, decreased feed efficiency, and increased abdominal fat (Ferguson et al., 1998a; Si et al., 
2004; Bregendahl et al., 2002). Unsuccessful attempts to improve growth performance have 
included adjustment of the DEB (Fancher and Jensen, 1989; Si et al., 2004), additions of 
essential (Namroud et al., 2008; Bregendahl et al., 2002) and nonessential AA (Si et al., 2004; 
Jiang et al., 2005), and supplementing non-specific nitrogen (Jiang et al., 2005; Pinchasov et al., 
1990).  However, some researchers have shown significant improvement in growth performance 
when delaying the feeding of a diet with reduced CP approximately one week post-hatching 
(Edmonds et al., 1985; Parr and Summers, 1991; Han et al., 1992; Corzo et al., 2005). Despite 
the physiological changes that occur during the first week post-hatching, including the transition 
from the yolk to feed as the main nutrient source, little research has been done on AA 
requirements during this phase (Garcia and Batal, 2005). As such, the reason for these 
discrepancies in growth and feed efficiency is unknown.  
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DIETARY MODIFICATIONS OF DIETS WITH REDUCED CRUDE PROTEIN 
 There have been numerous attempts to improve the growth performance of broilers fed 
AA supplemented diets with reduced CP, including adjustment of the DEB (Fancher and Jensen, 
1989; Si et al., 2004), supplementation with essential (Namroud et al., 2008; Bregendahl et al., 
2002) and nonessential AA (Si et al., 2004;  Jiang et al., 2005), and adding a form of nonspecific 
nitrogen (Jiang et al., 2005; Pinchasov et al., 1990). However, these modifications have often 
failed to be successful in correcting the negative growth performance seen in broilers fed diets 
with a reduced CP content decreased greater than 2%. 
  Reducing the CP in C-SBM diets for broilers reduces the SBM content of the diet and 
thus, the potassium content. This, in combination with increasing Lysine•HCl from AA-
supplementation, alters the =DEB and can create an acid-base imbalance. Si et al. (2004) 
supplemented low CP diets with potassium sulfate to raise the DEB up to standard diets and 
failed to show equal growth performance for 1- to 21-d chicks. Fancher and Jensen (1989) and 
Han et al. (1992) used potassium carbonate to raise the DEB of low CP diets and also failed to 
show equal growth performance for 7- to 21-d broilers. 
 Reducing the CP of broiler diets also decreases the amount of excess essential amino 
acids (EAA) present in the diet, possibly limiting the amount of nonessential amino acids 
(NEAA) the bird can synthesize. Supplementing L-Glu as a source of nonspecific nitrogen 
(NSN), Pinchasov et al. (1990) and Fancher and Jensen (1989) failed to maximize growth 
performance in 7- to 21-d broiler chicks and 21- to 42-d broilers, respectively. Bregendahl et al. 
(2002) also reported inadequate growth performance of diets with reduced CP using 
triammonium citrate as a source of NSN with crystalline NEAA supplementation. Addition of 
3% L-Glu resulted in feed efficiency comparable to a 24% CP control diet, but the same effect 
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was not seen for weight gain (Edmonds et al., 1985). Additionally, Han et al. (1992) reported 
growth performance of diets with a reduced CP comparable to a 23% control diet with 2% DL-
Met when supplemented with EAA and L-Glu; nonetheless, only in one experiment did the 
researchers find improvement of supplementing L-Glu on feed efficiency over supplementation 
of EAA alone for 8- to 22-d broiler chicks. Recently, L-Glu supplementation with L-Val alone, 
L-Ile and L-Val, or L-Val, L-Ile, and Gly showed growth performance equivalent to a control for 
1- to 42-d broilers (Berres et al., 2010).  
 Other research has been conducted in order to determine if any NEAA became limiting in 
AA supplemented diets with reduced CP. However, supplementation of L-Asn or L-Gln was 
shown to be unsuccessful in improving gain and feed efficiency for 7- to 21-d broiler chicks 
(Bregendahl et al., 2002). Jiang et al. (2005) supplemented combinations of Gly, L-Pro, and L-
Glu to diets with 16 or 18% CP and found an improvement in performance when Gly was 
included in the supplementation, but not to the level of a control diet with 22% or 24% CP. Parr 
and Summers (1991) supplemented Gly or a combination of L-Glu, L-Asp, L-Ala in diets with a 
reduced CP content. They reported growth performance superior to a control diet when L-Gly 
was added and no further improvement over EAA supplementation when L-Glu, L-Asp, and L-
Ala were used in 7- to 21-d broiler chicks. When Gly, L-Ala, L-Asp, L-Glu, L-Pro, L-Leu were 
added individually or together to diets with reduced CP for 5- to 21-d broiler chicks, growth 
performance at day 13 was decreased compared with a control diet (22% CP) when the AA were 
added individually, but not when they were supplemented together. By day 21, supplementing 
with Gly, L-Asp, and L-Leu individually resulted in growth performance as well as 
supplementing all the NEAA and Leu together and the control diet (Corzo et al., 2005). Dean et 
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al. (2006) also reported similar growth performance for chicks fed diets low in CP from 0- to 18-
d post-hatching when Gly was supplemented alone or in combination with other NEAA. 
 Further attempts to improve the negative growth performance seen in diets with a CP 
reduction greater than 2% have considered EAA supplementation. Namroud et al. (2008) and 
Jiang et al. (2005) supplemented EAA at 10% above the NRC (1994) recommendation and were 
unsuccessful in improving the growth performance of broilers to that of a control diet. Fancher 
and Jensen (1989) also supplemented EAA (L-Thr, L-Arg, L-Ile, and L-Trp) at 10% in excess of 
the NRC (1994) recommendation and failed to improve the negative growth performance seen 
with a reduced dietary CP. Bregendahl et al. (2002) supplemented EAA even higher, at 15, 30, 
and 45% above the NRC recommendations and reported growth performance below that of a 
control diet. Conversely, Han et al. (1992) reduced the dietary CP content by 4% and 
supplemented EAA to the level seen in the control diet and reported comparable growth 
performance among the dietary treatments. When EAA were supplemented at the minimum or 
10% in excess of minimum NRC recommendations as each AA became limiting in diets with 
reduced CP, Parr and Summers (1991) found comparable growth performance for 7- to 21-d 
broiler chicks. 
DELAYING THE FEEDING OF DIETS WITH REDUCED CRUDE PROTEIN 
 Previous research involving diets with reduced CP, supplemented with AA, has varied as 
to when their feeding began, often starting immediately post-hatching or one week later, 
following the feeding of a prestarter diet with a normal dietary CP level.  
Han et al. (1992) began feeding diets with reduced CP levels to broiler chicks at day 7 
and continued to day 21 post-hatching and found comparable growth performance when the 
limiting EAA were supplemented, with and without nonspecific nitrogen in the form of L-Glu. Si 
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et al. (2004) supplemented similar levels of EAA to diets with reduced CP and failed to show 
growth performance comparable to a control diet when feeding commenced at day one post-
hatching.  
Immediately, post-hatching, Jiang et al. (2005) and Waldroup et al. (2005) supplemented 
diets with the NEAA’s Gly and L-Glu, as well as the limiting EAA in diets with a reduced level 
of CP and reported growth performance poorer than that of a control diet with 24% CP at 21 
days of age. Feeding a prestarter diet with a normal level of CP for the first seven days post-
hatching, other researchers have reported adequate growth performance when supplementing L-
Glu and/or Gly with limiting EAA to diets low in CP (Edmonds et al., 1985; Parr and Summers, 
1991). Corzo et al. (2005) fed a prestarter diet for the first five days post-hatching and showed 
growth performance of broiler chicks comparable to a control diet when diets with a reduced 
level of CP, supplemented with L-Leu or Gly, were fed thereafter.  
Further research with supplementation of L-Glu to diets low in CP has also utilized a 
prestarter diet for the first week, yet failed to show adequate growth performance of broiler 
chicks by 21 days post-hatching (Fancher and Jensen, 1989; Pinchasov et al., 1990). 
Additionally, Berres et al. (2010) started feeding diets supplemented with NEAA at day 1 and 
found growth performance of chicks comparable to a control diet with 26% CP. 
TRANSITION TO FEED AND INTESTINAL DEVELOPMENT 
 For the first few days post-hatching, the intestinal tract is underdeveloped and the yolk 
provides the majority of the nutrients for the young broiler chick (Sweenen et al., 2010). For 
optimal growth and transition to feed, the loss of the yolk should coincide with the development 
of the gastrointestinal tract’s ability to recover nutrients from the feed (Moran, 2007). 
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 The intestinal enzymes, mucosa, and villi required for nutrient absorption is immature in 
the newly hatched chick. The presence of feed in the intestinal tract helps promote a several-fold 
increase in their development with early access to feed hastening this growth (Noy and Uni, 
2010). However, villus volume doesn’t reach a maximum in the duodenum until at least 7 days 
of age (Uni et al., 1998). Similarly, Uni et al. (1995) reported an increase in villus height and 
width from 4 to 10 days of age..  
 Increases in nitrogen and AA digestibility have also been shown to increase as the chick 
ages, compensating for the loss of the yolk as a nutrient source. Uni et al. (1995) reported a 20 
percent increase in nitrogen digestibility from 4- to 14-d after hatch and trypsin amounts greatest 
at 4 days of age. For a C-SBM diet, Batal and Parsons (2002a) showed an increase in AA 
digestibility through 10 days of age with a New Hampshire x Columbian strain and increases 
through 21 days of age for a commercial broiler chick. 
 For the first 3 days post-hatching, the yolk is responsible for over a fifth of the energy 
and almost a third of the protein utilized by the chick (Murakami et al., 1992). Additionally, 
reducing the CP of diets fed to broiler chicks has been shown to hasten the resorption and 
utilization of the yolk. Feeding diets low in CP showed a higher percentage decrease in yolk 
weight at 2 days of age than diets low in carbohydrate or fat content (Sweenen et al., 2010). 
While a reduction in weight was not seen through 5 days of age, Wertelecki and Jamroz (2003) 
reported a faster resorption of the yolk sac in birds fed diets with a reduced CP content. 
PHASE FEEDING AND CARRYOVER EFFECTS 
 After dietary deficiencies and restriction, broiler chicks have been shown to grow at a 
faster rate than those without any previous deficiency. This compensatory growth and other 
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carryover effects have often been shown in phase feeding and other instances in which chicks are 
fed diets varying in nutrient composition (Palo et al., 1995).  
 Zhan et al. (2007) restricted feed for the first 21 days after hatching and saw decreased 
growth performance at 21 days, but no differences at 63 days, a result of compensatory growth 
for the last six weeks. Restricting birds fed from day 7 to day 14 after hatch showed greater feed 
efficiency after the restriction period through 48 days as well as larger pancreases, showing 
compensatory effects and some recovery from the decreased performance seen during feed 
restriction (Palo et al., 1995). Sklan and Noy (2003) showed full compensatory gains in feed 
efficiency, but not weight gain, by marketing at 40 days of age when diets with reduced CP 
levels were fed for the first week of life. Conversely, the same set of researchers saw full 
compensatory growth performance in another experiment, feeding a diet with reduced CP for the 
first week after hatch (Sklan and Noy, 2002). However, Leeson and Zubair (1997) showed a 
decline in growth rate when feeding extra dietary lysine after feeding a deficient diet from 6 to 
12 days of age. 
 Other carryover effects have also been seen with manipulation of the CP content of diets 
for broiler chicks. Lemme et al. (2007) showed that increasing dietary CP fed to broilers above 
what is considered adequate for the first 8 or 12 days post-hatching increased weight gain 
through the 14 day experimental period. Wjitten et al. (2004) reported that responses in weight 
gain and feed efficiency to CP levels depend on the CP levels fed in the preceding phases. They 
reported that increased CP levels in the grower and finisher diets show a less pronounced 
response when higher than adequate CP levels were used in the preceding diets.  
 While some researchers have shown compensatory gains and improved growth 
performance among broiler chicks after being fed deficient diets, others have shown negative 
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effects to feeding diets differing in dietary CP and lysine level. Alternating CP and lysine levels 
to be surplus and deficient at one week intervals, Dilger et al. (2006) reported decreased feed 
efficiency in chicks fed the fluctuating dietary regime while gain was unaffected. Cabel and 
Waldroup (1991) showed decreased feed efficiency in chicks fed gradually reduced CP levels in 
their diets over those fed a continuous level of dietary CP. Conversely, Warren and Emmert 
(2004) showed no reduction in performance in broilers fed a weekly phase feeding regime 
through the starter phase compared with a single diet formulated on NRC recommendations fed 
for the whole period. 
  
10 
 
CHAPTER 3 
OPTIMIZING THE FEEDING TIME OF LOW CRUDE PROTEIN DIETS WITH 
SUPPLEMENTAL L-LYSINE FOR BROILER CHICKS 
 
INTRODUCTION 
 Reducing the amount of nitrogen lost to the environment has been an increasing concern 
for the livestock industry over the past couple decades (Ferket et al., 2002). Reducing the CP in 
diets fed to broilers has been shown to limit the amount of excess nitrogen released to the 
environment (Blair et al., 1999; Ferguson et al., 1998b). However, feeding broilers diets with 
reduced CP has often shown decreased growth performance despite additions of nonspecific N, 
supplementation of EAA exceeding the NRC recommendations, or crystalline NEAA 
supplementation (Waguespack et al., 2009). 
 However, much of the research feeding diets low in CP to broiler chicks has varied in its 
onset, often starting either immediately post-hatching or one week later. Parr and Summers 
(1991), Han et al. (1992), and Corzo et al. (2005) reported equal growth performance of broilers 
fed diets low in CP with supplemental AA when the latter approach was taken. These researchers 
fed a prestarter diet with a normal level of dietary CP for the first several days post-hatching, 
prior to the beginning of the experiments. On the other hand, Si et al. (2004), Fancher and Jensen 
(1989), and Waldroup et al. (2005) failed to show equal performance when similar diets with 
reduced CP were fed immediately post-hatching. However, the effects of delaying the feeding of 
diets with reduced CP are not consistent. Berres et al. (2010) showed comparable growth 
performance of broiler chicks fed diets with reduced CP from day 1 post-hatching while 
Pinchasov et al. (1990) failed to show comparable growth performance when a prestarter diet 
was utilized for the first week post-hatching. Based upon these results, the objective of this 
research was to determine whether delaying the feeding of a diet with reduced CP, supplemented 
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with L-Lysine, for several days post-hatching would result in adequate growth performance and 
determine the optimal time to feed such a diet to the broiler chick. 
MATERIALS AND METHODS 
 Ross x Ross 708 commercial broiler chicks were used in all four experiments. 
Experiments 1, 3, and 4 utilized both male and female broiler chicks. Only female chicks were 
used in experiment 2. Experiments 1, 2, and 3 were conducted for 18 days and experiment 4 was 
carried out for 14 days. Chicks for the first three experiments were obtained from a commercial 
hatchery and chicks for experiment 4 were obtained from the LSU Agricultural Center’s School 
of Animal Sciences. Experiments started at day 0 post-hatching, at which time the chicks were 
weighed, wingbanded, and allotted to treatment to ensure a similar average starting body weight 
per treatment and replication. Broilers were housed in Petersime starter batteries, providing a 
temperature-controlled environment and continuous fluorescent lighting. Feed and water were 
offered ad libitum for the duration of the experiment. All chicks and feeders were weighed on 
day 0, at the time of a switch in diets, and at the end of the experiment for determination of 
average daily gain (ADG), average daily feed intake (ADFI), and gain:feed (G:F). All 
experimental protocols were approved by the LSU Agricultural Center Animal Care and Use 
Committee. 
 All diets were C-SBM based and formulated to contain 1.1% digestible lysine, which is 
the Aviagen (“Nutrient Specifications”, 2007) recommendation for 11- to 24-d Ross x Ross 708 
broilers. Amino acid ratios were based on those suggested by Baker (1997) for 0- to 21-d broiler 
chicks.  Following NRC (1994) recommendations, diets were formulated to contain 3,200 kcal 
ME/kg, 1.0% Ca, and 0.45% nonphytate phosphorus.  
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In all experiments, supplementary L-Lys was provided in the form of BioLys®, 
containing 50.7% L-Lys (Evonik Degussa Corp., Kennesaw, GA, USA). All experiments 
contained a positive control (PC) diet with approximately 22% CP and free of supplemental L-
Lys. The PC diet was fed for the entire experimental period for one treatment in each 
experiment. Table 3.1 gives the composition and calculated analysis of the diets used in all 
experiments.  
Experiment 1 was conducted in order to determine whether delaying the feeding of a 
reduced CP diet, supplemented with AA, would result in adequate growth performance for 
broiler chicks. Each treatment consisted of 8 replications of 6 chickens per replicate pen. 
Treatments 1 through 5 consisted of the same diets being fed for the full experimental period 
with the following levels of L-Lys supplemented: 1) 0.0% (PC); 2) 0.1%; 3) 0.15%; 4) 0.2%; 5) 
0.25%. Treatments 6 through 9 were fed the L-Lys-free PC diet for the first five days post-
hatching and then switched to the low CP diets with L-Lys used in treatments 2 through 5 for the 
remainder of the experiment. Treatments 10 through 13 were identical to treatments 6 through 9 
with the exception of the PC diet being fed for the first ten days post-hatching.  
Experiment 2 was also conducted in order to determine whether delaying the feeding of a 
reduced CP diet, supplemented with AA, would result in adequate growth performance for 
broiler chicks. This experiment contained a treatment arrangement similar to experiment 1, but 
only utilized the 0.15% and 0.2% levels of L-Lys and 6 replicate pens of 6 chickens for each 
treatment. Treatments 1 through 3 consisted of diets with 0.0% (PC), 0.15%, and 0.2% L-Lys for 
the full experimental period. In treatments 4 and 5, broilers were fed the PC diet for the first five 
days post-hatching before being switched to the low CP diets with 0.15% and 0.2% L-Lys.  
Treatments 6 and 7 were identical to treatments 4 and 5 with the exception of the PC diet being 
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Table 3.1. Percentage composition of corn-soybean meal diets with supplemental L-
Lysine used in all experiments, as-fed basis 
 Supplemental L-Lys (%) 
 Experiments 1, 2, 3  Experiment 4 
Ingredient 0.0 0.1 0.15a 0.2b 0.25b  0.0 0.15a 
Corn 54.97 59.16 61.26 63.34 65.45  54.13 60.42 
Soybean meal 35.81 31.86 29.87 27.90 25.92  35.88 29.94 
Soy oil 4.91 4.35 4.07 3.78 3.50  5.19 4.34 
Monocalcium PO4 1.52 1.55 1.57 1.58 1.59  1.53 1.57 
Limestone 1.49 1.51 1.52 1.53 1.54  1.49 1.52 
Salt 0.50 0.50 0.50 0.50 0.50  0.50 0.50 
Chromic oxide ------ ------ ------ ------ ------  0.50 0.50 
Mineral mixc 0.25 0.25 0.25 0.25 0.25  0.25 0.25 
Vitamin mixd 0.25 0.25 0.25 0.25 0.25  0.25 0.25 
Choline chloridee 0.05 0.05 0.05 0.05 0.05  0.05 0.05 
DL-Methionine 0.226 0.261 0.279 0.296 0.314  0.228 0.28 
L-Threonine 0.009 0.063 0.090 0.117 0.144  0.010 0.091 
Biolysf ------ 0.197 0.296 0.394 0.493  ------ 0.296 
         
Calculated composition        
ME 3,200 3,200 3,200 3,200 3,200  3,200 3,200 
CP 21.71 20.39 19.73 19.07 18.40  21.68 19.69 
Ca 1.00 1.00 1.00 1.00 1.00  1.00 1.00 
Non-phytate P 0.45 0.45 0.45 0.45 0.45  0.45 0.45 
SIDLysg 1.10 1.10 1.10 1.10 1.10  1.10 1.10 
SIDMet+Cys 0.84 0.84 0.84 0.84 0.84  0.84 0.84 
SIDThr 0.73 0.73 0.73 0.73 0.73  0.73 0.73 
SIDArg 1.33 1.22 1.16 1.10 1.05  1.33 1.16 
SIDIle 0.86 0.79 0.75 0.72 0.68  0.85 0.75 
SIDVal 0.93 0.86 0.83 0.80 0.76  0.93 0.83 
a Val is calculated to be deficient in these diets. 
b Val, Ile, & Arg are calculated to be deficient in these diets. 
c Provided per kilogram of diet: copper (copper sulfate), 7 mg; iodine (calcium iodate), 1 mg; 
iron (ferrous sulfate•H2O), 50 mg; manganese (manganese sulfate), 100 mg; selenium (sodium 
selenite), 0.15 mg; zinc (zinc sulfate), 75 mg. 
d Provided per kilogram of diet: vitamin A, 8,003 IU; vitamin D3, 3004 IU; vitamin E, 25 IU; 
menadione, 1.5 mg; vitamin B12, 0.02 mg; biotin, 0.1 mg; folic acid, 1 mg; niacin, 50 mg; 
pantothenic acid, 15 mg; pyridoxine, 4 mg; riboflavin, 10 mg; thiamin, 3 mg.  
e Contains 750,000 mg/kg of choline chloride. 
f Provides a minimum of 50.7% L-Lysine in the form of L-Lysine•H2SO4 (Evonik Desgussa 
Corp., Kennesaw, GA, USA). 
g SID = standardized ileal digestible 
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fed for the first ten days post-hatching.  
Experiment 3 was performed to determine the optimal time to feed a diet with low CP,  
supplemented with L-Lys, to broilers during the starter phase. Experiment 3 was identical to 
experiment 1 with the exception that the order in which the diets was fed was reversed. 
Additionally, each treatment consisted of 6 replicate pens of 6 chickens each. Treatments 1 
through 5 were identical to the respective treatments in experiment 1. In treatments 6 through 9 
chicks were fed the low CP diets containing 0.1%, 0.15%, 0.2%, and 0.25% L-Lys respectively 
for the first five days post-hatching before being switched to the PC diet for the remainder of the 
experiment. Treatments 10 through 13 were fed the diets with added L-Lys for 10 days before 
being switched to the PC.  
Experiment 4 was also conducted in order to determine the optimal time to feed a diet 
with reduced CP, supplemented with L-Lys, to broiler chicks. It consisted of 8 replicate pens of 8 
chicks per treatment. Treatments 1 and 2 consisted of diets with 0.0% L-Lys (PC) and 0.15% L-
Lys respectively, fed for the entire duration of the experiment. Treatment 3 consisted of a PC diet 
for the first five days post-hatching and 0.15% L-Lys for the remainder of the experiment. For 
treatment 4 the order in which the diets in treatment 3 were fed was reversed. This switch was 
also done at day 5 post-hatching. All birds were killed at the end of the experiment by 
asphyxiation with CO2 so pancreas weights could be taken. 
 All experiments were analyzed using the GLM procedure of SAS (SAS Inst. Inc., Cary, 
NC) by ANOVA as a completely randomized design with pen as the experimental unit. The 
PDIFF option of SAS was used to compare individual treatments to the PC in all experiments 
and any treatment differences in experiment 4. Preplanned contrasts were utilized for multiple 
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treatment comparisons. In the first three experiments, a treatment by sex interaction was not 
significant and therefore removed from the model. 
RESULTS 
Experiment 1 
The results of experiment 1 are shown in Table 3.2. For the first five days post-hatching, 
broilers fed the diet with 0.1% L-Lys showed increased gain over those fed the PC diet (P < 
0.006). This difference was not significant from 5- to 10-d (P > 0.10). By 10- to 18-d, all 
treatments had lower ADG than the PC (P < 0.10). Overall, only those broilers fed 0.2% L-Lys 
for the entire experimental period and those broilers switched to 0.15% L-Lys at day 10 post-
hatching showed gain comparable to the PC. A linear effect of L-Lys was seen for 10- to 18-d (P 
< 0.003) and overall ADG (P < 0.04).  
For the first five days post-hatching, broilers fed 0.1% L-Lys had greater ADFI (P < 
0.006) than the PC diet. From 10- to 18-d, broilers that were switched to the diet with 0.25% L-
Lys at day 10 showed greater feed intake than the PC (P < 0.03). Over the entire experiment, no 
differences were seen in feed intake. From 5- to 10-d post-hatching, a significant effect was seen 
for feed intake when comparing broilers fed the PC diet with those fed diets containing L-Lys 
from day 0 (P < 0.001) and those switched to a L-Lys-containing diet at day 5 post-hatching (P < 
0.001). 
Feed efficiency was lower for broilers fed 0.25% L-Lys for the first five days post-
hatching compared with the PC (P < 0.07). A quadratic effect of L-Lys (P < 0.03) was also seen 
for G:F during this time period. From 5- to 10-d, 10- to 18-d, and overall, G:F of all treatments 
was lower than the PC (P < 0.10). From 10- to 18-d, broilers fed the L-Lys diets for the entire  
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Table 3.2 Effects of delaying the feeding of diets low in crude protein, supplemented with L-Lysine, on the growth 
performance of broiler chicks in Experiment 11,2
      
 ADG, g  ADFI, g  G:F, g:g 
Treatment3 0-5 d 5-10 d 10-18 d 0-18 d  0-5 d 5-10 d 10-18 d 0-18 d  0-5 d 5-10 d 10-18 d 0-18 d 
1) PC 8.89 23.08 44.62  28.98  10.18 29.01 58.13 36.78  0.870 0.796 0.768 0.789 
2) 0.1 10.20a 23.36 41.37a 27.71  11.24a 31.17 58.21 37.65  0.908 0.749a 0.711a 0.736a 
3) 0.15 8.75 22.28 41.05a 26.93a  9.97 30.00 58.51 36.75  0.887 0.743a 0.701a 0.733a 
4) 0.2 9.57 23.80 41.57a 27.78  10.76 31.58 59.69 38.10  0.889 0.753a 0.696a 0.729a 
5) 0.25 8.55 21.89a 40.11a 26.47a  10.39 30.65 58.99 36.87  0.823a 0.714a 0.680a 0.718a 
6) 0.14 ------ 22.23 40.44a 26.47a  ------ 30.13 57.62 36.38  ------ 0.738a 0.702a 0.728a 
7)0.154 ------ 22.39 39.55a 26.37a  ------ 31.21 57.39 37.12  ------ 0.718a 0.689a 0.711a 
8)0.24 ------ 21.89a 39.97a 26.33a  ------ 30.54 56.63 36.32  ------ 0.716a 0.706a 0.725a 
9)0.254 ------ 22.34 39.77a 26.46a  ------ 31.78 57.77 37.44  ------ 0.704a 0.688a 0.707a 
10)0.15 ------ ------ 41.30a 26.90a  ------ ------ 59.66 36.97  ------ ------ 0.693a 0.728a 
11)0.155 ------ ------ 41.42a 27.82  ------ ------ 60.18 37.80  ------ ------ 0.688a 0.736a 
12)0.25 ------ ------ 40.42a 26.37a  ------ ------ 59.35 36.60  ------ ------ 0.681a 0.721a 
13)0.255 ------ ------ 40.72a 27.13a  ------ ------ 62.35a 37.89  ------ ------ 0.654a 0.720a 
               
SEM 0.271 0.513 0.965 0.651  0.222 0.623 1.332 0.875  0.018 0.008 0.008 0.011 
TRT P-value 0.030 0.190 0.059 0.128  0.040 0.004 0.263 0.933  0.162 0.001 0.001 0.001 
SEX P-value 0.421 0.348 0.001 0.008  0.314 0.754 0.001 0.081  0.922 0.117 0.101 0.079 
               
Contrasts6               
Lys Linear 0.386 0.248 0.003 0.033  0.838 0.019 0.459 0.905  0.108 0.001 0.001 0.001 
Lys Quadratic 0.036 0.350 0.305 0.665  0.268 0.196 0.949 0.661  0.026 0.484 0.047 0.135 
PC vs. 2-5 0.165 0.578 0.002 0.018  0.068 0.001 0.627 0.741  0.808 0.001 0.001 0.001 
PC vs. 6-9 ------ 0.042 0.001 0.001  ------ 0.001 0.601 0.830  ------ 0.001 0.001 0.001 
PC vs. 10-13 ------ ------ 0.001 0.007  ------ ------ 0.154 0.800  ------ ------ 0.001 0.001 
2-5 vs. 6-13 ------ ------ 0.259 0.184  ------ ------ 0.954 0.570  ------ ------ 0.050 0.217 
1 Data are means of 8 replications of 6 chickens each. 
2 A significant TRT*SEX interaction was not seen for any variables (P>0.10) and was removed from the statistical model. 
3 Values represent percent supplemental L-Lysine added to broiler diets being fed. 
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4 The PC diet was fed for the first 5 days post-hatching, before diets with supplemental L-Lysine. 
5 The PC diet was fed for the first 10 days post-hatching, before diets with supplemental L-Lysine. 
6 Linear and quadratic contrasts were run on treatments 1 to 5, and others were run to analyze the effects of switching diets. 
a Significantly different (P < 0.10) from positive control. 
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Table 3.3 Effects of delaying the feeding of diets low in crude protein, supplemented with L-Lysine, on the growth 
performance of broiler chicks in Experiment 21
      
 ADG, g  ADFI, g  G:F, g:g 
Treatment2 0-5 d 5-10 d 10-18 d 0-18 d  0-5 d 5-10 d 10-18 d 0-18 d  0-5 d 5-10 d 10-18 d 0-18 d 
1) PC 9.97 23.74 41.76 27.66  12.52 30.14 59.13 37.70  0.795 0.788 0.707 0.734 
2) 0.15 10.46 24.67 42.93 28.90  12.58 31.20 61.70 39.34  0.828 0.791 0.696 0.734 
3) 0.2 9.96 23.08 39.90 27.01  12.46 30.23 58.96 37.62  0.799 0.763a 0.677a 0.718 
4)0.153 ------ 23.99 40.32 27.46  ------ 32.64a 60.18 39.36  ------ 0.735a 0.671a 0.698a 
5)0.23 ------ 22.37a 40.79 26.95  ------ 31.06 61.28 39.00  ------ 0.720a 0.666a 0.691a 
6)0.154 ------ ------ 41.78 28.44  ------ ------ 62.88a 40.28a  ------ ------ 0.665a 0.706a 
7)0.24 ------ ------ 40.38 27.18  ------ ------ 61.78 39.08  ------ ------ 0.655a 0.695a 
               
SEM 0.321 0.533 0.821 0.566  0.279 0.653 1.340 0.843  0.014 0.011 0.009 0.007 
TRT P-value 0.656 0.141 0.139 0.145  0.980 0.083 0.314 0.270  0.368 0.001 0.004 0.001 
               
Contrasts5               
Lys Linear 0.758 0.727 0.338 0.873  0.944 0.618 0.713 0.691  0.530 0.161 0.039 0.039 
Lys Quadratic 0.428 0.077 0.018 0.021  0.846 0.305 0.116 0.115  0.257 0.169 0.318 0.318 
PC vs. 2-3 0.560 0.820 0.731 0.674  0.997 0.412 0.460 0.442  0.308 0.337 0.074 0.074 
PC vs. 4-5 ------ 0.342 0.241 0.518  ------ 0.022 0.335 0.157  ------ 0.001 0.002 0.002 
PC vs. 6-7 ------ ------ 0.262 0.427  ------ ------ 0.127 0.068  ------ ------ 0.001 0.001 
2-3 vs. 4-7 ------ ------ 0.403 0.370  ------ ------ 0.306 0.199  ------ ------ 0.008 0.001 
1 Data are means of 6 replications of 6 chickens each. 
2 Values represent percent supplemental L-Lysine added to broiler diets being fed. 
3 The PC diet was fed for the first 5 days post-hatching, before diets with supplemental L-Lysine. 
4 The PC diet was fed for the first 10 days post-hatching, before diets with supplemental L-Lysine. 
5 Linear and quadratic contrasts were run on treatments 1 to 5, and others were run to analyze the effects of switching diets. 
a Significantly different (P < 0.10) from positive control. 
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Table 3.4 Effects of switching from diets low in crude protein, supplemented with L-Lysine, to a L-Lysine-free positive 
control (PC) diet on the growth performance of broiler chicks in Experiment 31,2 
      
 ADG, g  ADFI, g  G:F, g:g 
Treatment3 0-5 d 5-10 d 10-18 d 0-18 d  0-5 d 5-10 d 10-18 d 0-18 d  0-5 d 5-10 d 10-18 d 0-18 d 
1) PC 7.57 22.50 40.69 26.44  9.50 27.60 57.53 35.44  0.794 0.816 0.708 0.747 
2) 0.1 7.53 21.19 40.30 25.90  10.23 29.51a 53.34a 34.40  0.734 0.718a 0.755a 0.753 
3) 0.15 7.55 20.86a 40.84 26.09  10.09 27.69 56.67 34.82  0.744 0.753a 0.721 0.751 
4) 0.2 8.35 21.25 40.20 26.42  10.87a 28.95 58.76 37.54  0.768 0.734a 0.685 0.704a 
5) 0.25 7.26 19.14a 35.92 22.98a  10.19 26.52 51.91a 32.88a  0.709a 0.722a 0.694 0.700a 
6) 0.14 ------ 21.83 41.33 26.47  ------ 28.94 55.73 35.64  ------ 0.755a 0.739 0.741 
7)0.154 ------ 20.22a 39.16 25.20  ------ 28.19 53.80 34.67  ------ 0.717a 0.728 0.726 
8)0.24 ------ 20.79a 40.64 26.12  ------ 29.54a 55.33 35.77  ------ 0.704a 0.734 0.730 
9)0.254 ------ 19.58a 38.60 24.61a  ------ 27.67 52.53a 33.60  ------ 0.706a 0.735 0.732 
10)0.15 ------ ------ 38.56 25.27  ------ ------ 56.84 35.57  ------ ------ 0.679 0.710a 
11)0.155 ------ ------ 38.59 25.03  ------ ------ 53.53a 34.21  ------ ------ 0.721 0.731 
12)0.25 ------ ------ 37.65 24.66  ------ ------ 53.79 34.59  ------ ------ 0.700 0.712a 
13)0.255 ------ ------ 38.88 24.99  ------ ------ 55.69 35.25  ------ ------ 0.700 0.710a 
               
SEM 0.309 0.563 1.280 0.786  0.229 0.632 1.649 0.998  0.019 0.012 0.015 0.014 
TRT P-value 0.094 0.003 0.178 0.103  0.048 0.005 0.114 0.206  0.036 0.001 0.017 0.060 
SEX P-value 0.093 0.037 0.001 0.001  0.882 0.047 0.002 0.005  0.007 0.390 0.049 0.033 
               
Contrasts6               
Lys Linear 0.821 0.001 0.030 0.017  0.061 0.366 0.221 0.528  0.179 0.001 0.113 0.003 
Lys Quadratic 0.487 0.503 0.057 0.060  0.212 0.005 0.572 0.369  0.995 0.006 0.037 0.065 
PC vs. 2-5 0.820 0.009 0.334 0.211  0.073 0.471 0.203 0.636  0.208 0.001 0.734 0.171 
PC vs. 6-9 ------ 0.014 0.594 0.333  ------ 0.239 0.087 0.643  ------ 0.001 0.128 0.307 
PC vs. 10-13 ------ ------ 0.113 0.098  ------ ------ 0.166 0.632  ------ ------ 0.641 0.037 
2-5 vs. 6-13 ------ ------ 0.861 0.909  ------ ------ 0.613 0.997  ------ ------ 0.727 0.722 
1 Data are means of 6 replications of 6 chickens each. 
2 A significant TRT*SEX interaction was not seen for any variables (P>0.10) and was removed from the statistical model. 
3 Values represent percent supplemental L-Lysine added to broiler diets being fed. 
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4 The PC diet was fed for the first 5 days post-hatching, before diets with supplemental L-Lysine. 
5 The PC diet was fed for the first 10 days post-hatching, before diets with supplemental L-Lysine. 
6 Linear and quadratic contrasts were run on treatments 1 to 5, and others were run to analyze the effects of switching diets. 
a Significantly different (P < 0.10) from positive control. 
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Table 3.5 Effect of switching to and from a diet low in crude protein, supplemented with 0.15% L-Lysine, diet on the growth 
performance of broiler chicks in Experiment 41 
        
 ADG, g  ADFI, g  G:F, g:g  Pancreas Weight 
Treatment2 0-5 d 5-14 d 0-14 d  0-5 d 5-14 d 0-14 d  0-5 d 5-14 d 0-14 d  Wt As % of BW 
1) PC; PC 11.38 31.52 24.34  11.13 41.55 30.64  1.023 0.759a,b 0.795  1.47a,b 0.389b 
2) 0.15; 0.15 11.71 31.65 24.48  11.56 41.55 30.72  1.014 0.762a 0.797  1.53a 0.409a 
3) PC; 0.15 ------ 31.83 24.58  ------ 42.31 30.94  ------ 0.752a,b 0.795  1.45b 0.380b 
4)0.15; PC ------ 31.17 24.33  ------ 41.70 30.54  ------ 0.747b 0.796  1.43b 0.380b 
               
SEM 0.212 0.527 0.404  0.205 0.550 0.403  0.009 0.006 0.007  0.026 0.0006 
TRT P-value 0.277 0.831 0.964  0.152 0.721 0.907  0.476 0.261 0.995  0.070 0.017 
SEX P-value 0.423 0.425 0.380  0.487 0.165 0.237  0.847 0.455 0.889  0.156 0.047 
TRT*SEX P-value3 ------ ------ ------  ------ ------ ------  ------ ------ -------  0.023 0.021 
               
Contrasts4               
PC vs. 3-4 ------ 0.970 0.851  ------ 0.493 0.843  ------ 0.169 0.916  0.350 0.267 
0.15 vs. 3-4 ------ 0.817 0.960  ------ 0.515 0.976  ------ 0.101 0.897  0.010 0.002 
1 Data are means of 8 replications of 8 chickens each. 
2 Values represent % L-Lysine fed before and after day 5 post-hatching respectively; PC contained 0.0% L-Lysine. 
3 A significant TRT*SEX interaction (P>0.10) was not seen for ADG, ADFI, or G:F and was therefore removed from the model. 
4 Contrasts were performed comparing treatments with switching diets with those fed the same diet consistently. 
a, b Means in columns not sharing a common subscript are significantly different ( P < 0.10). 
  
22 
 
experiment had higher G:F compared with those switched to the low CP, L-Lys-supplemented 
diets at day 5 and day 10 (P = 0.05). 
Experiment 2 
Table 3.3 shows the results of experiment 2. Broilers switched to the 0.2% L-Lys diet at 
day 5 post-hatching showed the only significant difference in ADG compared to the PC. They 
showed decreased ADG from 5- to 10-d (P < 0.084). Adding L-Lys had a quadratic effect for 
ADG for all time periods except from 0- to 5-d post-hatching.  
 Broilers switched to the 0.15% L-Lys diet had increased feed intake compared with the 
PC diet after being switched at day 5 (P < 0.008) and day 10 (P < 0.051). From 5- to 10-d, 
broilers switched to any diet with L-Lys at day 5 consumed more feed than those continuously 
fed the PC diet (P < 0.023). Additionally, those broilers switched to any diet with L-Lys at day 
10 consumed more feed over the entire experiment than those fed the PC (P < 0.062). 
 From 5- to 10-d post-hatching, broilers fed 0.2% L-Lys from the start of the experiment 
(P < 0.089) or switched to a diet containing L-Lys at day 5 (P < 0.001) had decreased feed 
efficiency compared to the control. From 10- to 18-d and overall, chicks switched to a diet with 
L-Lys at day 5 (P < 0.002; P < 0.002) or day 10 (P < 0.001; P < 0.001) had lower G:F compared 
to the control. For both 0- to 10-d and 0- to 18-d, broilers switched to a diet with L-Lys from the 
PC diet showed decreased feed efficiency compared to broilers fed diets with L-Lys from the 
start of the experiment (P < 0.008). 
Experiment 3 
The results of experiment 3 are reported in Table 3.4. From 5- to 10-d post-hatching, 
ADG was reduced for all broilers switched to the PC diet at day 5 (P < 0.015) except those fed 
the diet with 0.1% L-Lys (P > 0.481) when compared with the PC. During this time period, 
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broilers fed 0.15% L-Lys consistently gained less than the PC (P < 0.051). For 0- to 18-d, 
broilers fed 0.25% L-Lys from the start of the experiment (P < 0.003) and those switched from 
this diet to the PC at day 5 post-hatching (P < 0.098) had lower gains compared to the PC. 
Additionally, all broilers that had diets switched at day 10 had lower gains compared with the PC 
(P < 0.099). Significant linear (P < 0.02) and quadratic (P < 0.06) effects of ADG were also seen 
for supplemental L-Lys. 
For the first five days post-hatching, ADFI was increased for chicks fed diets with L-Lys 
compared to the PC (P < 0.074). For the next five days, ADFI was increased for broilers fed 
0.1% L-Lys from the start of the experiment compared to the PC (P < 0.038). Furthermore, 
added L-Lys had a quadratic effect on ADFI for this time period (P < 0.006). Conversely, from 
10- to 18-d, broilers fed 0.1% L-Lys had a lower feed intake compared to the PC (P < 0.073). 
Additionally, chicks ate less than the PC for the last 8 days of the experiment when broilers were 
fed 0.25% L-Lys for the entire time period (P < 0.017), or switched to the PC from this diet at 
day 5 (P < 0.033). From 10- to 18-d, all broilers switched to the PC diet at day 5 had lower ADFI 
compared with the PC (P < 0.09). However, from 0- to 18-d, only broilers fed 0.25% L-Lys for 
the entire experiment ate significantly less than the PC (P < 0.07).  
For the first five days, only broiler chicks fed 0.25% L-Lys had decreased G:F when 
compared with the PC diet (P = 0.041). From 5- to 10-d post-hatching, all chicks fed or switched 
from diets with L-Lys had lower feed efficiency than the L-Lys-free PC diet fed from the start of 
the experiment (P < 0.01). However, for the last 8 days of the experiment, broilers fed 0.1% L-
Lys for the entire experiment had greater G:F compared to the PC (P < 0.029). Overall G:F was 
decreased in chicks fed 0.2% and 0.25% L-Lys for the first 10 days of the experiment (P < 0.075; 
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P < 0.051) and for the entire experiment (P < 0.023; P < 0.015 respectively) compared to the PC. 
Added L-Lys had a linear (P < 0.004) and quadratic (P < 0.066) effect for G:F from 0- to 18-d. 
Experiment 4 
 The results of experiment 4 are shown in Table 3.5. ADG and ADFI were similar for all 
treatments. From 5- to 14-d, chicks fed 0.15% L-Lys had improved G:F compared to chicks 
switched from a diet with 0.15% L-Lys to the PC diet at day 5 (P < 0.079). Pancreas weights 
were greater for chicks fed 0.15% L-Lys for the entire experiment compared with chicks that had 
their diets switched (P = 0.010). When analyzed as a percentage of BW, broilers fed 0.15% L-
Lys had increased pancreas weights compared to chicks fed the PC (P < 0.043). There was also a  
treatment by sex interaction for pancreas weights (P < 0.024). 
DISCUSSION 
 Results from experiment 1 showed decreased ADG and G:F for nearly all broilers fed 
diets with reduced CP when compared with the PC, regardless of supplemental L-Lys level or 
when the diets were fed. Initially, from day 0- to 5-d post-hatching, broilers fed 0.1% L-Lys 
showed increased ADG compared with the PC, but this result was most likely caused by 
increased feed intake during this time.  
 The negative effects on growth performance seen with the L-Lys diets in experiment 1 
led to experiment 2 to confirm these results. Utilizing the same experimental design with only 
the 0.15% and 0.2% levels of L-Lys, the results of experiment 2 are somewhat inconsistent with 
those of the first experiment. Despite the AA deficiencies calculated in the 0.15% and 0.2% L-
Lys diets, no differences were seen among treatments for overall ADG. As in the first 
experiment, reductions in G:F were also seen in experiment 2 for broilers switched to 0.15% and 
0.2% L-Lys at day 5 and day 10 compared with the PC. However, unlike in experiment 1, no 
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reductions were seen for feed efficiency in broilers fed 0.15% or 0.2% L-Lys for the full 18 days. 
It is unclear why these inconsistencies occurred. 
In both experiments, ADFI was increased in broilers after being switched to a diet with 
L-Lys at day 5 post-hatching when compared with the PC. Additionally, both experiments 
showed decreased feed efficiency in chicks that were switched to diets with L-Lys at day 5 and 
day 10 post-hatching compared with those fed L-Lys consistently. 
According to Aviagen (2007) recommendations, Val, Ile, and Arg were calculated to be 
deficient in the diets containing 0.2% and 0.25% supplemental L-Lys, possibly explaining the 
decreased growth performance shown by broilers switched to these diets at day 5 or day 10 post-
hatching. It is unclear why broilers fed 0.1% or 0.15% L-Lys in experiment 1 showed decreased 
ADG and G:F as the former is calculated to be adequate for the AA requirements of broilers and 
the latter is calculated to be only minimally deficient in Val. While Aviagen (2007) AA 
recommendations for day 11 to day 24 broilers are slightly lower than those for day 0 to day 10 
broilers, the composition of the diets was based on the same recommendations for both 
experiments. Furthermore, Garcia and Batal (2003) reported that the digestible lysine 
requirements of the broiler chick change little for the first three weeks post-hatching. As such, 
this should not be an explanation for the decreased growth performance seen in experiment 1 and 
the decreased feed efficiency seen in experiment 2 for broiler chicks fed L-Lys.  
Previous research on the effects of feeding and switching to a diet with reduced CP in the 
first week post-hatching is minimal. It is unknown why broilers switched to diets with reduced 
CP, supplemented with L-Lys, showed decreased growth performance when compared with the 
PC or the L-Lys diets fed from day 0.  
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However, one possible explanation may be effects caused by the changes in intestinal 
morphology that take place in the broiler chick during the first few weeks post-hatching. While 
anatomically complete at hatching, the gastrointestinal system is not functionally mature until at 
least two weeks post-hatching (Sulistiyanto et al., 1999). Intestinal villi and enzyme levels are 
still developing for the first several days post-hatching, resulting in a reduced ability to absorb 
and digest nutrients (Moran, 2007). Dietary composition has been shown to affect development 
of these variables (Batal and Parsons, 2002a, b), and it is possible that the changing dietary 
composition used in these experiments negatively affected the intestinal tract’s ability to recover 
nutrients from the feed compared with those kept on the same diet. 
Uni et al. (1995) reported the greatest amounts of trypsin at day 4 post-hatching but 
nitrogen digestibility increased through the first 14 days. Similarly, Batal and Parsons (2002a) 
showed increases in apparent AA digestibility through day 21 post-hatching; however, the lowest 
values were seen at day 3 to 4 post-hatching. While part of this may be due to the adaptation 
from the yolk to feed as the main nutrient source during this time, it leaves room for speculation 
as to whether intestinal adaption to changes in CP can efficiently occur during this time. In both 
experiments, for each time period, G:F was lowest for treatments that were just switched to diets 
containing L-Lys. Also in support of this, broilers switched at day 5 post-hatching showed 
consistently lower overall feed efficiency than those switched at day 10 and those fed L-Lys for 
the entire experiment. 
The gastrointestinal tract develops rapidly immediately after post-hatching, with villus 
volume not plateauing until a week after hatching in the duodenum and even later in the jejunum 
and ileum (Uni et al., 1998). Batal and Parsons (2002b) found decreased height and less 
absorptive surface area of villi from birds that were switched from a C-SBM diet to a crystalline 
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AA diet (14.4%) at day 7 post-hatching compared with those fed either diet consistently. From 0- 
to 21-d, Batal and Parsons (2002b) also reported feed efficiency of broilers switched to the 
crystalline AA diet was as low as birds fed this diet for the entire experiment. While the dietary 
restrictions of this diet are more severe than the L-Lys diets used in our experiments, these 
experiments suggest a reduced capability of the gastrointestinal tract to efficiently adapt to 
dietary CP changes before the intestine is functionally mature. 
The decreased growth performance seen by switching birds to diets with L-Lys at day 5 
and 10 post-hatching led to experiment 3 to determine whether the same effects would be seen if 
broilers were switched from diets low in CP, supplemented with L-Lys, to a PC diet. From 5- to 
10-d, ADG and G:F was decreased for broilers switched to the PC diet at day 5. However, 
overall ADG and G:F were not significantly different from the control, except for broilers fed the 
diets containing 0.2% or 0.25% L-Lys, calculated to be deficient in Val, Ile, and Arg, for 10 days 
or the entire experiment.  
The results of experiment 3 indicate that additional time may be needed for broilers to 
adapt to a diet with a different CP level when switched at day 5 post-hatching. Since overall 
ADG and G:F were similar to the PC for treatments fed 0.1% or 0.15% supplemental L-Lys, 
broilers may be able to adapt more efficiently when being switched to diets with higher, rather 
than lower, CP.  It is unclear why this adaptation period was not seen in broilers switched to the 
PC at day 10 post-hatching. Broiler chicks may be able to better adapt to changes in dietary CP 
at day 10 or the next experimental measurements at 18 days of age may have been too late to 
notice these changes. These results agree with Wertelecki and Jamroz (2003), who reported that 
for the first five days of life, chicks can adapt to a lower dietary CP level; however, feeding a 
reduced CP level significantly changed the rate of yolk resorption. 
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In experiment 4, feed efficiency was decreased in birds switched to the PC at day 5 post-
hatching compared with birds fed 0.15% L-Lys for the entire experiment. Additionally, mean 
pancreas weight (as % of BW) was increased for this treatment compared with all other 
treatments. The observation that the treatment with the greatest pancreas weight also showed the 
greatest feed efficiency is interesting because of the role of pancreatic enzymes in digestion and 
absorption. Palo et al. (1995) also reported larger pancreas weights in birds with higher feed 
efficiency. Yet, no significant correlation was shown for these two variables in our research (data 
not shown). Additionally, the treatment by sex interaction shown for pancreas weight limits the 
conclusions that can be made. 
Contrary to our previous results, broilers that had diets switched at day 5 in experiment 4 
showed average daily gain and feed efficiency similar to the PC. It is unknown why these 
differences occurred but it is possible that the shorter length of this experiment may have been a 
factor. Additionally, delaying access to feed initially post-hatching depresses the development of 
the mucosal function of the intestine for several days (Uni et al., 1995), and in a commercial 
hatchery, chicks can be delayed for up to 48 hours post-hatching without feed. The broilers used 
for experiment 4 were obtained locally and quite possibly had a more rapid transition to feed 
than those obtained from commercial hatcheries. Early access to feed can enhance growth and 
intestinal development as well as provide long term metabolic effects (Noy and Uni, 2010). This 
could explain the improved growth performance as well as the increased feed efficiency seen in 
these birds for the first five days post-hatching when compared with the other experiments.  
In all experiments, feed efficiency was a more sensitive variable than daily gain. This is 
in agreement with other researchers who reported higher requirements are needed for maximal 
feed efficiency than ADG (Han and Baker, 1993). Additionally, this reduction in feed efficiency 
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has also been reported in other research that fed differing levels of dietary CP. While Cabel and 
Waldroup (1991) fed broilers for 42 days rather than just the starter phase, broilers fed reducing 
levels of dietary CP had decreased G:F compared with those fed diets with a constant dietary 
percentage. Furthermore, Dilger et al. (2006) also reported lower feed efficiency among broilers 
fed fluctuating CP levels over those fed more traditional diets. While this experiment was over 
the full 42 day growth period, the main differences were in the starter period. However, our 
results do not agree with Warren and Emmert (2000), who also fed diets with reduced CP levels 
during the starter phase but found no differences in growth performance. Their dietary CP 
changes may have been too small (less than 2%) to detect any differences in gain or feed 
efficiency. 
Most studies that observe compensatory growth and carryover effects are performed for 
at least 42 days, and only minimal effects of this nature were seen during our research focusing 
on the starter phase. In experiment 3, broilers fed L-Lys diets until day 5 with decreased feed 
efficiency from 5- to 10-d post-hatching, showed feed efficiency similar to the PC by 18 days of 
age. However, those fed the L-Lys diets for the first 10 days were unable to reach a comparable 
level of G:F to the PC by 8 days later. Daily gain that was also decreased by 10 days of age in 
broilers fed diets supplemented with L-Lys was comparable to the PC by 18 days. These results 
are in general agreement with other studies that showed full compensatory growth by marketing 
(Noy and Sklan, 2002; Zhan et al., 2007); as such, it is likely that broilers would have fully 
compensated for any previous restriction and reduction in growth performance had the 
experiment been carried out to the full 42 day marketing period.  
Other researchers have reported enhanced effects on growth performance after switching 
dietary CP level, when diets with high CP were previously fed. Wjitten et al. (2004) reported 
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increased daily gain in the grower phase when a high level of CP was fed in the starter phase. No 
such carryover effect was seen by switching broiler chicks from the PC to a lower dietary CP at 
either day 5 or day 10 post-hatching in our research, and this phenomenon may not be possible in 
birds during the starter phase of the growing period. Similarly, Lemme et al. (2007) reported 
increased growth performance through 14 days of age when a dietary CP greater than a control 
level was fed for either 8 or 12 days. It is unclear why our research showed decreased feed 
efficiency and gain when dietary protein was decreased during the starter period while the 
research of Lemme et al. (2007) showed no such effects.  Possible explanations for this lack of 
effect may be due to the high CP levels or the “transition period” that Lemme et al. (2007) 
utilized and was not present in our research. 
In conclusion, utilizing only the commercially available AA, a diet with 0.2% L-Lys and 
19% CP can achieve daily gain equivalent to a positive control diet (21.7% CP), free of 
supplemental L-Lys. For feed efficiency, diets with greater than 0.15% L-Lys will result in 
decreased feed efficiency comparable to the PC diet.  
In addition, delaying the feeding of a diet with reduced CP, supplemented with L-Lys, for 
several days post-hatching does not result in growth performance comparable to a L-Lysine-free 
control diet or often even a L-Lys diet fed consistently. These results show broilers adapt more 
efficiently when being switched to a diet with a higher level of CP than a diet with reduced 
dietary CP, supplemented with AA. It is still unclear why previous research has shown trends for 
improved growth performance when delaying the feeding of diets low in crude protein 
approximately one week post-hatching, and it is most likely due to multiple aspects of variation 
among experiments. Further research in this area should focus on changes in intestinal 
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morphology and development that occur when dietary CP levels are changed in the chick shortly 
after hatching, including alterations in AA digestibility, intestinal villi, and enzyme levels. 
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CHAPTER 4 
SUMMARY AND CONCLUSIONS 
 This research was conducted to determine whether delaying the feeding of a diet low in 
crude protein, supplemented with AA, for several days post-hatching would result in growth 
performance comparable to broiler chicks fed a diet with an adequate level of dietary CP, free of 
supplemental L-Lys, and determine the optimal time to feed such a diet to the broiler chick. 
 Two experiments were conducted to determine whether delaying the feeding an AA-
supplemented C-SBM diet, low in CP, improved growth performance of broiler chicks. These 
experiments indicate that as long as the diet is not extremely deficient in the AA requirements of 
the chick, negative effects on daily gain are limited. However, any reduction in dietary CP during 
the starter phase resulted in decreased feed efficiency through 18 days post-hatching. 
 One experiment was conducted to determine the optimal time to feed an AA-
supplemented C-SBM diet to the broiler chick. As long as the diets are not extremely deficient 
for the AA requirements of the chick, chicks show no negative effects on growth performance 
from being fed these diets continuously or switched from them to one with an adequate level of 
CP, during the starter phase. 
 Another experiment was also conducted in order to determine the optimal time to feed a 
0.15% L-Lys diet to the broiler chick. Through 14 days post-hatching, no negative effects were 
seen on overall growth performance. 
 In conclusion, delaying the feeding of a diet with reduced CP to the broiler chick does not 
result in growth performance comparable to those fed a diet with an adequate level of CP or 
those fed AA-supplemented diets continuously. Chicks seem to adapt better when switched to 
diets with a higher rather than lower dietary CP than what was fed previously.  A 0.15% and 
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0.2% level of L-Lys fed continuously allows adequate feed efficiency and daily gain 
respectively. Further research is needed to elicit the reasoning behind the negative effects of 
growth performance seen when switching broiler chicks to lower levels of dietary CP within the 
first several days post-hatching. 
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